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^ , dd)/V2 and g s = ss with the masses of m qq and 77 

strictly fixed to be around 0.69, which is close to \l~2m 2 K — by the approximate flavor symmetry, 
while rriqq is found to be 0.18 ± 0.08 GeV. For a large allowed value of m qq , we show that the BRs 
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Abstract 

In the quark-flavor mixing scheme, 77 and rf are linear combinations of flavor states r] q = {uu + 
dd)/y/2 and n s = ss with the masses of m qq and m ss , respectively. Phenomenologically, m ss is 



for B -> decays with X = (t ~V£, l + i ) are enhanced. We also illustrate that BR(B 



Q_i| nX) > BR(B — > g'X) in the mechanism without the flavor-singlet contribution. Moreover, we 

demonstrate that the decay branching ratios (BRs) for B — * n^K^ are consistent with the data. 



In particular, the puzzle of the large BR(B — * n'K) can be solved. In addition, we find that the 



CP asymmetry for B^ — > gK^ can be as large as —30%, which agrees well with the data. However, 
we cannot accommodate the CP asymmetries of B — > gK* in our analysis, which could indicate 
the existence of some new CP violating sources. 
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I. INTRODUCTION 



The branching ratio (BR) of B° — > t]'K° was first observed by the CLEO collaboration 
with (89±i| ± 9) x 10 -6 which is much larger than (20 - 40) x 10~ 6 estimated by 
the factorization ansatz 2|. With more data accumulated, this incomprehensible value 
becomes a real puzzle now that the measurements from BELLE and BABAR depart from the 
theoretical estimations, where the former has observed BR(B + — > r]K + ) = (1.9 ± 0.3^g '\) x 
10" 6 [3], BRIB+ -> r]'K + ) = (69.2 ± 2.2 ± 3.7) x 10" 6 and BR(B° -> rj'K ) = (58.9±|;|± 
4.3) x 10" 6 [4], while the latter has measured BR(B + -> r]K + ) = (3.3 ±0.6 ±0.3) x 10" 6 IJ, 
BR(B + -> r]'K + ) = (68.9±2.0±3.2) x 10" 6 and BR(B° -> r]'K°) = (67.4±3.3±3.2) x 10~ 6 
0. To unravel the mystery, many solutions have been proposed, such as the intrinsic charm 
in rf [7], the gluonium state Q], the spectator hard scattering mechanism 9] and the flavor- 
singlet component in rf [l0]. Nevertheless, there are still no conclusive solutions yet. 

Recently, the BaBar Collaboration has also measured the semileptonic decays with 
the data as follows: 



BR(B A 
BR(B + 



(0.84 ± 0.27 ± 0.21) x HT 4 < 1.4 x 10" 4 (90% C.L.) 
(0.33 ± 0.60 ± 0.30) x 10" 4 < 1.3 x 10" 4 (90% C.L.) 



Although the significance of the former in Eq. ([T]) is 2.55a, the central value is a factor of 
2 larger than 0.4 x 10~ 4 calculated by the light-cone sum rules (LCSRs) 12J. Due to these 
results, we speculate that the mechanism to enhance the BRs of B — > rj'K may also affect 
the semileptonic decays of B~ — > rf'^lvi. After surveying various proposed mechanisms, 
one finds that only the flavor-singlet mechanism (FSM) lOj could have direct influence on 
the BRs of semileptonic decays [12, In this paper, inspired by the measurements of 
the semileptonic decays, we would like to propose another possible mechanism within the 



quark-flavor mixing scheme to study the decays of B 
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it-Pi, £+£-, K, K*). We will 



151 ] and explore the differences 



also compare our results with those in the FSM 
between the two mechanisms, which could be tested in future B experiments. 

The paper is organized as follows. In Sec. II, we review the quark-flavor mixing scheme. 
In Sec. Ill, we carry out a general analysis for the decay amplitudes and form factors. 
Numerical results and discussions are presented in Sec. IV. Our conclusions are given in 
Sec. V. 
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II. THE QUARK-FLAVOR MIXING SCHEME 



It is known that the physical states 77 and rj' are composed of the flavor octet 7?g and 
singlet r)i, in which the flavor wave functions are denoted as r/ 8 = (uu + dd — 2ss)/\/Q and 
r/i = (uu + dd + ss)/\/3, respectively. Due to the Ua(1) anomaly, it is understood that the 
mass of 7/ is much larger than that of 77. To satisfy the current experimental data, usually 
one needs to introduce two angles to the mixing matrix, defined by 77 = cos #g7)g — sin dirji and 
7]' = Sin # 8 77g + COS #i7/i , to describe the connection between physical and flavor states. 

However, it is known that by using the two-angle scheme, we will encounter a divergent 
problem in some B decays [17], such as B — ► rj'K. To illustrate this problem, we notice that 
in these decays, the factorized parts are associated with the matrix element (0|si75s|?7i). 
From the equation of motion, one has {^d^s^^^s^i) = (0|2m s si7 5 s|77i) = m 2 f Vl , leading 
to (0|si7 5 s|r7i) = m 2 f m /2m s , where f ril (m ril ) is the decay constant (mass) of 77!. In the 
chiral limit of m s —>■ 0, the matrix element diverges because m Vl 7^ 0. To explicitly display 



the chiral limit, it is better to use the quark-flavor scheme, defined by la, ll9] 




(2) 



where 77^ = [uu + dd)/\/2 and 77 s = ss. From the definition of (0|g / 7 /J 7 5 g / |77 9 '(p)) = if Vq ,P^ 
(q' = q,s), the masses of rj qtS can be expressed by 



2 V^/nl -• 7- 71 \ 2 2 

JVq JVs 



m 2 = —(0\m u ui^u + m d di-f 5 d\r] q ), m 2 ss = — (0\m s si^ 5 s\r] s ) . (3) 



Clearly, in terms of the quark-flavor basis, m qq and m ss are zero in the chiral limit. We 
note that m qq and m ss are unknown parameters and their values can be obtained by fitting 
with the data, such as the masses of 77W and the decay rates of some relevant B decays. 
Note that m qq ^ ss are related to rn^ qVsK by = rn 2 qq /{m u + m^), m" s = m 2 ss /2m s and 
m° K = m 2 K /(m s + m q ). From the divergences of the axial vector currents 

d^q'l^q' = - 1 GG + 2m q/ q't 75 q', (4) 

47T 
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where G = G afll/ are the gluonic field-strength and G = G apu = & vaf3 G a a ^ one obtains the 
r] q s masses as 



M 2 M 2 

qq qs 

Ml Ml 



(0\d»JU\Vq)/f g (0\d»J* 5 \v q )/fs 
(0\d»J%\Vs)/f q (0\d»J^\ Vs )/f s 

m\ q + 2a 2 V2ya 2 
V2ya 2 m 2 ss + y 2 a 2 



(5) 



with a 2 = (0\a s GG\r] q ) / (4\/2iifn)_ and y = f q / f s . Furthermore, by using the mixing matrix 
introduced in Eq. (j2j), we have [20] 

1/2 



Sill i 





-m^)(mj- 




(m 2 , ■ 


-m 2 )(m 2 ss - 










(mj, 


-m 2 qq ){m 2 - 











1/2 



m 



(6) 
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where m„(o is the mass of 77 W. 

According to the relations in Eq. (j3J), it is interesting to see that the parameter m qq ( ss ) is 
involved in the distribution amplitude of the rj q ^ state, which is defined by 2l| 



(0\q"(0)jQk(z)\vAP)) 



dxe ixp ' z [{irf^)jk(t>vA x ) 



V2NcJo 



(7) 



where q" — u,d and s, q' = q and s 



[x] and 



x) denote the twist-2 and twist-3 



wave functions of the rj q i state, respectively, x is the momentum fraction, m° ; stands for the 
chiral symmetry breaking parameter, and n + = (1, 0, 0) and n_ = (0, 1, 0) are defined in the 
light-cone coordinates. On substituting Eq. (J2j) into Eq. (jHJ), we obtain = m 2 q / (m u +m d ) 
and mj s = m 2 s /2m s . In the next section, it will be clear that the value of m qq is crucial for 
the determination of the B — > rf'' transition form factors, which play important roles in the 
decay branching ratios of B — > with X = (£~ve, £ + £~, K). 



4 



III. DECAY AMPLITUDES AND FORM FACTORS 



We first study the semileptonic decays of B — > rj^'H V£ and B — > r]^£ + £ by writing 
the effective Hamiltonians at quark level in the SM as 

Hj = ( ^f L ^(l - ribi-f (1 - 75H , (8) 

Hu = GFa - Xi [Hyjf + H^L**] , (9) 

V Z7T 



respectively, with 



H lft = Cf(jJL)^P L b --^Cri^q'ia^PRb, 

If = £Y£, L^ = lYl5^, (10) 

where a em is the fine structure constant, Vij denote the Cabibbo-Kobayashi-Maskawa (CKM) 
matrix elements, A* = VtkV* q i , C{ are the Wilson coefficients (WCs) with their explicit 
expressions given in Ref. [22j, ra& is the current b-quark mass, q is the momentum transfer 
and Pl{r) — (1 T 7s)/2. Note that the long-distance effects of cc bound states have been 
included in C| ff , given by {2^ 



\ em i/_,t, ,T// v M f 



■ 



V / =<I',*' 



ly — q — LIVlyL y 



,/ \ 8, m fe 8, 8 4 2. , M ll/2 
h(z,s) = — In— --]nz + — + -x--(2 + x) 1 - a; 1/2 
v ' ; 9^ 9 27 9 9 V Jl 1 



In 



x 



i 7T, for x = 4z 2 / s < 1 , 

(11) 



2 arctan—f=i for x = 4z 2 /s > 1 

\/X— 1' ' 



where s) describes the one-loop matrix elements of operators 0\ = Saj^P^bp c^^P^c^ 
and 2 = s^Pib c^^P^c [22] with z = m c /m b and s = q 2 /ml, My (IV) are the masses 
(widths) of intermediate states. The hadronic matrix elements for the B — > P transition are 
parametrized as 

(P(p P )\qYb\B(p B )) = fl{q 2 ) (w-Z^^+fitf)*!!^ 

(P{ PP )\q'ia^b\B{ PB )) = J£ip- [P-qq^- g 2 P,] (12) 

tub + mp L J 
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with P representing the pseudoscalar, P^ = (pb+Pp)^, % = (pb—Pp)^ and f£ (q 2 ) are form 
factors. Consequently, the transition amplitudes associated with the interactions in Eqs. (jHJ) 
and ([nD can be expressed as 

Mi = ^^± f P^i Mi (13) 

7T 

Mn = Gpa ™ Xt [m 97 £ jf>p£ + m 10 £ £> Pl d] (14) 
V 2tt 

for B — > Pi~vi and B —>■ P£ + £~ , respectively, where 

m 97 = cftftf) + 2 7 ^/tV) , mn. = <W£(g 2 ) • (15) 

?T7.fj -+- Tflp 

The differential decay rates for B~ — > P£~vg and — > P£ + £~ as functions of g 2 are given 

by y 

^ = G g l^ 1 i^i V^ 1 - g + - 4 ^ d^ 97 ' 2 + '^° |2 ) ' (17) 



respectively, with P P = 2y/s\p P \/m B = ^(1 — s — mp) 2 — ism P . Since we concentrate on 
the production of the light leptons, we have neglected the terms explicitly related to the 
lepton mass. We note that due to Cg » CV, the effect associated with the form factor of 
f£ (q 2 ) in Eq. (PSJ is small. From Eqs. (fTBD and (TT71). we see clearly that the semileptonic 
decays are only sensitive to the form factor f+(q 2 ). By this property, we can use the data of 
B~ — > i]£~i?i to constrain the unknown parameters in the calculations of the form factors. 
The constrained parameters could make some predictions for the decays B — > r]^£ + £~ and 
B -> r}®K. 

In the large recoil region, i.e. q 2 — > 0, the form factors can be evaluated by the pertur- 



bative QCD (PQCD) [2J, l25|] approach, in which the transverse momenta of valence quarks 
are included to remove the end-point singularities when x — ► 0. Hence, in terms of Eq. ([7]) 
and the flavor diagrams shown in Fig. [TJ the form factors f+{q 2 ), f^(q 2 ), and (<? 2 ) for 



B — > P can be formulated as 



23] 



f p (q 2 ) = /r^ 2 )fi+4)+^ 2 )fi-4). (is) 



2 / u / 2 
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(a) 



FIG. 1: Flavor diagrams for the B — > P transition with T M = (7^, ia^qj). 

where 



f[(q 2 ) = MC F m 2 B r P / [dx] / b x db x b 2 db 2 4>b{x x , b x ) [<p P (x 2 ) - 4> P {x 2 )] 

Jo Jo 

xE(t {1) )h(x x ,x 2 ,b x ,b 2 ) , 

pi poo 

f^il 2 ) - ^C F m\ j [dx] / b x db x b 2 db 2 (j) B {x x ,b x ) 
Jo Jo 



x 



(1 + x 2 C)<pp{x 2 ) +2r P [ ( ^ - x 2 ) (f) P (x 2 ) - x 2 (f) p P (x 2 ) 



and 



xE(t^)h(x x ,x 2 ,b x ,b 2 ) +2r P (f) P (x 2 )E(t^)h(x 2 ,x 1 ,b 2 ,b l )} , (19) 

/tO? 2 ) = &KC F m 2 B {l + m P /m B ) / [dx] / b 1 db 1 b 2 db 2 (f) B (x 1 ,b 1 ) 

Jo Jo 

,X 2 ,0 X ,0 2 ) 



4>p(x 2 ) - r P x 2 (jjp(x 2 ) + r P Q + x 2 J ^(^2) 
+2r P ^(x 2 ) J B(t (2) )/i(x 2 ,a; 1 ,6 2 ,6 1 )} , (20) 

with C P = 4/3, £ = 1 — q 2 /m B and rp = m P /m B . ^From Eq. ffl~8j) . we find that /+(0) = 
/o(0). The evolution factor is given by E(t) = a s (t) exp^—Spit) — S P (t)) where the Sudakov 
exponents Sb(p) can be found in Ref. [2a]. The hard function h is written as 



h(x x ,x 2 ,b x ,b 2 ) = S t (x 2 )K (^/x x lc 2 l:m B b 1 ) 

x[d(b x - b 2 )KQ{y/x^m B b x )Io{y/x 2 ^ i mBb 2 ) 

+6{b 2 - b x )K {^/x~^m B b 2 )h{y/x^m B b x )] , (21) 



where the threshold resummation effect is described by St(x) = 2 1+2c r(| + c)[a;(l — 



x)] c /y/7rT(l + c) with c = 0.3 25|. The hard scales t*- 1,2 - 1 are chosen to be [2 



= max(Wm|£x 2 , l/6i,l/6 2 ,A) 



t (2) 

= max(Wm^ii, l/&i, l/6 2 , A) 



where A is used to exclude the effects from nonperturbative contributions. To get the BRs 
for the three-body semileptonic decays, besides the values of the form factors at q 2 = 0, 
we also need to know their q 2 dependences. To obtain them, we adopt the fitting results 



calculated by the light-cone sum rules (LCSR) 



28 



given by 



/•Tco(o) 



(22) 



+(T)W ' ' (l-q 2 /m%,)(l-a HT) q 2 /m%: j 
with a+(T) = 0.52(0.84) and rriB* = 5.32 GeV. In terms of the quark-flavor mixing scheme, 



we will calculate the B — > rj qtS form factors, which are related to those of B — > rf'^ by 

fl m tf) cos '' 

/:' ( t,(9 2 ) 



smq. 

7f 



(23) 



For the nonleptonic decays of B — ■> r/^K, we will assume the color-transparency 29], 
i.e., no rescattering effects in B decays. The effective interaction for the b — > s transition at 
the quark level is given by |22J 

10 



H. 



eff 



G f 



EH 



q=u,c 



i=3 



(24) 



where V g = V* s V q b are the CKM matrix elements and the operators Oi-O w are defined as 



Ox' = {q' a qp) V -A{qpb a ) V -A 



3 

7 
9 



IV-A 



IV-A 



q 



V-A 



V+A , 



°2 = (q a (la)v-A(qpbl3)v-A , 

°4 = (q a bf3)v-A ^2(qpq Q )v-A 



Oe = (q' a bi3)v-A^2(qpq a )v+A , 
q 

3 



'a V- 



-A e q(qpqp)v+A , S = -((fMv-A 



a)V+A , 



^(qMv~A 



;iy_ A , O w = -(q^ a bp) v ^ A ^2e q (qpq a ) v ^ A 

q 



(25) 



with a and (3 being the color indices. In Eq. (|24|) . O1-O2 are from the tree level of weak in- 
teractions, 3 -0 6 are the so-called gluon penguin operators and O7-O10 are the electroweak 
penguin operators, while Cj (i — 1, 2, • - • , 10) are the corresponding WCs. Using the uni- 
tarity condition, the CKM matrix elements for the penguin operators O3-O10 can also be 
expressed as V u + V c = —V t . To study the nonleptonic decays, we will encounter the tran- 
sition matrix elements such as (PxP 2 \H e fi\B) = (PxP 2 \V q CiOi\B) . To describe the B decay 
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amplitudes, we have to know not only the relevant effective weak interactions but also all 
possible topologies for the specific process. In Fig. [2l we display the flavor diagrams for 
B d — > rjq^K decays, in which (a)-(c), (d)-(e) and (f) illustrate penguin emission, penguin 



V=fA 



(a) 

b\ /d 



(b) 

b V /d 




(c) 



V=fA 



(d) 



V=f A 



(e) 



(f) 



FIG. 2: Flavor diagrams for — > rj^'K decays: (a)-(e) stand for the penguin contributions 
while (f) is the tree contribution, where V =F A denote the left-hand and right-handed currents, 
respectively. 

annihilation and tree emission topologies, respectively. Since the b-quark is dictated by 
the weak charged current, its chirality is always left-handed. However, the chiralities for 
qq pairs, produced by gluon, Z-boson and photon penguins, could be both left and right- 
handed, resulting in processes containing both V — A and V + A currents. In Fig. [2J we 
have explicitly labeled the associated type of currents except the diagram (f) which is from 
the tree and only has the left-handed interaction. Note that although we use the states 7] q ^ 
as our basis, the physical states can be easily obtained by using Eq. (T5]). For the charged 
B decays, besides the flavor diagrams displayed in Fig. El three more diagrams arising from 
tree emission and annihilation topologies need to be included as shown in Fig. [31 From 



b u 





00 



(i) 



FIG. 3: Flavor diagrams arising from tree emission and annihilation for charged B decays. 



Figs. [2] and [31 the decay amplitudes for B 0,+ — > i] q K^°' + and B — > r/gK^ ^ are given by 

K = V t (F Pa + N Pa + F Pc + N Pc + F Pd + N° Pd )-V u (F° f + N° f ), 

A* = V t {F° P{b+c) + N° P{b+c) + F° Pe + N Pe ) (26) 

and 

K = V t (F+ a + N+ a + F+ e + N+ e + F+ i + N+ i ) 

^ = K (^) + + F Pe + N+ e ) - V u {F+ + N+) , (27) 

where V t = V tb V* = -A\ 2 and V u = V ub V* s = AA 4 J R 6 e^ 3 , and A^' fc + represent the 
penguin factorized and nonfactorized contributions for the topology k, and F T '^~ and iV^" 1 " 
are the tree factorized and nonfactorized effects, respectively. The lengthy formulas for 



various factorizable and nonfactorizable parts can be found in Refs. |26|, [30( • We note that 
for simplicity we have used the same notations for the rj qiS K and T] qtS K* modes. Furthermore, 
from Eq. (T5]) the physical decays can be written as 

A(B°>+ 





cos q. 
V2 


} a0,+ 
A g 


sin q, 
V2 


■A* 




sin (j) 
V2 




cosd 
+ V2 


A", 



A(B°>+ - rfKW) = + -^f A°<+. (28) 

The decay BRs and CP asymmetries (CPAs) are given by 

BR(B°> + - n^K^+) = G F\P\ m B T B°- + \ A{B o,+ _ rjOK^f (29) 
ArAB - - BR(B^V^m-BR(B^^KM) 

which can be evaluated in terms of Eqs. ff26l) . (J2"T1) and ff28l) . where |p| = a/ -E^ — and 

£ K = (m| - mj ;) + m 2 K )/2m B . 



IV. NUMERICAL RESULTS AND DISCUSSIONS 

In the PQCD approach, if we regard the meson wave functions as known objects, the 
remaining unknown theoretical quantities are the chiral symmetry breaking parameters of 
states 7/ 9)S and K, denoted by VstK , and the meson decay constants fB, Vq , s ,K- It is known 



10 



that fx has been determined quite precisely to be around 0.16 GeV by experiment, while the 



lattice QCD calculations give f B = 0.216 ± 0.022 GeV 

tracted value from the decay B — > tv t measured by Belle [32j. By low-energy experiments, 



3l| . which is consistent with the ex- 
ile {32I • By low-energy experiments, 
1.07 ± 0.02)/^ and f Va = (1.34 ± 0.06)/,, 



;he decay constants of rj q>s are found to be f v 

l^ ]. respectively. Basically, the undetermined parameters in our considerations are the pa- 
rameters m qq and m ss . To obtain the allowed range for m qq ^ ss in a model- independent way, 
we adopt the phenomenological approach. The parameters in Eq. ([6]) are limited to be 
= 39.3° ±1.0°, y = 0.81 ±0.03 and a 2 = 0.265 ±0.010 Q. With these values, the allowed 
ranges for m qq and m ss are presented in Fig. HI From the figure, we find that m ss has a 



> 
o 



S 0.69 




FIG. 4: The allowed ranges for m qq and m 



narrow allowed window around 0.69 GeV, which can be understood in terms of the flavor 
symmetry, given by m ss = \j2m 2 K — m 2 20]. However, m qq is relatively broader, given by 



0.18 ± 0.08 GeV. To do the numerical estimations, we take f B = 0.19 GeV, /„ = 0.14 GeV 



and 



39.3° as the input values. For the nonperturbative wave functions, we use the 



results derived by the LCSR for the light mesons 
use 

4>b(x) = Nbx 2 (1 — x) 2 exp 
with N B = 111.2 and uj b = 0.38 



while for B meson wave function, we 



(31) 



r 2 2" 




r , 1 2 7i 2 i 

LO B 


exp 


[ 2u,| _ 


2 



261 ] . Accordingly, we get the B — > K form factor of f+(0), 
defined in Eq. ( JT2l) . to be 0.36. From Eq. (|23|) . we show the form factors /+^(0) in Table fl] 
From the table, we see clearly that they will be enhanced with increasing m qq . In addition, 
it is easy to understand that the behavior /? T (0) > /? T (0) is always satisfied as seen from 
Eq. ( I2"3"j) due to cos0 > sin0 with <p ~ 39.3°. This property is different from that in the 
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TABLE I: ft' (0) and ft' (0) with three allowed values of m, 



m qg (GeV) 


ft(0) 


ft(0) 


4(o) 


Pt(0) 


0.14 


0.14 


0.14 


0.12 


0.11 


0.18 


0.21 


0.20 


0.18 


0.17 


0.22 


0.29 


0.29 


0.24 


0.24 



FSM, given by (lo| 

y?(o) 



y/2 fJ l 1 J V 



(v/2 
(V2 



COS ( 



sin 



Ml) n-r- + COS0y- 

/•7T J-7T 



'A 



/r s (o) 
/r s (o) , 



(32) 



where /^ ing (0) (i = +,T) correspond to the new form factors due to the flavor singlet state 



Based on /+(0) ~ /r(0) ~ 0.26 calculated by the LCSRs [28|, we present the numerical 



results of Eq. in Table U From the table, we see that fLAO) < /£ T (0) in the FSM. 
Furthermore, by using \V ub \ = 3.5 x 10~ 3 , \V td \ = 8.1 x 10~ 3 [2a], Eqs. flU}, JTZj) and 



TABLE II: ft^O) with various values of ff ng (0) in the FSM. 

/f g (0) /^r(0) tf, r (0) 

0.0 0.15 0.13 



0.1 



0.20 



0.25 



0.2 



0.25 



0.38 



and the values in Tables [I] and HIl we show the semileptonic decay BRs in Table IIHI From 
the table, we find that the results in both approaches could be consistent with the data of 
B~ — > Tf^ivi- On the other hand, in our approach, we always predict BR(B~ — > r]£ + ug) > 
BR(B~ — > i]'£ + i?£), whereas the inequality is reversed in the FSM. Similar conclusion can 
be also drawn for the processes of B d -> r)('k + £-. We note that the BRs are insensitive to 
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the parametrizations displayed in Eq. 

We now give our numerical analysis for the nonleptonic decays B — > rf^K^. By using the 
PQCD approach, the values of factorized and nonfactorized contributions for the B decays 
are shown in Table HVl Based on these values and V ts = —0.041 and V u b = 4.6 x 10~ 3 e~^ 3 
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TABLE III: BRs of B~ r^'Hv t ( in units of 10~ 4 ) and B d -> ^£ + £~ ( in units of 10~ 7 ) with 
m qq = 0.14, 0.18 and 0.22 GeV in our mechanism and /+ ing (0) = 0.0, 0.1 and 0.2 in the FSM. 
cf) = 39.3°. 



m qq (GeV) 


B — > rjivg 


B~ -> rj'ive 


Bd 


-» ril+fr 






0.14 


0.30 


0.15 




0.02 




0.01 


0.18 


0.67 


0.35 




0.04 




0.02 


0.22 


1.27 


0.62 




0.07 




0.04 


/■sing /r\\ 

f+ (o) 


B -> rj£i> e 


B- -> rflvt 


Bd 


— > 77€ + £ — 


#d - 


->■ tj £ £ 


0.0 


0.38 


0.18 




0.05 




0.03 


0.1 


0.47 


0.64 




0.07 




0.10 


0.2 


0.58 


1.39 




0.08 




0.21 


Exp 


0.84 ± 0.27 ± 0.21(< 1.4) 0.33 ± 0.60 db 0.30(< 1.3) 










with 03 = 


72°, the predictions for BR(B - 


-> r)^K^) and A CP 


(B 




) are 


given in 



Table [V] and Table PVTl respectively. Our results can be summarized as follows: 

• From Table |V] we see clearly that with m qq = 0.22 GeV, the BRs for B — > rf^K^ are 
consistent with the WA data. It is interesting to note that by increasing m qq , BR(B — > 
rf^K) tend to be small (large), while BR(B — > rf'K*} to be large (small), favored by the 
experiments. 

• As seen from Table IVj with the same value of m qq , BR(B — ► r]K) < O(10~ l )BR(B — > 
rj'K), while BR(B — ► r/i^*) > BR(B — > rj'K*). The phenomena could be ascribed to the 
signs in the amplitudes of S — > (77^, rj s )K^ by comparing Eqs. ( l26i) . ( 1271) and ( 1281) with the 
specific values of Fp£ and F p '^ +c ^ in Table [TV] 

• From Table [VT| we find that for m qq = 0.22 GeV A C p(B u — > i]K + ) is as large as —30%, 
which agrees well with the data, whereas the other two sets of m qq lead to positive and small 
asymmetries. In addition, our prediction for AcpiBd f]K*°) is too small, while that of 
Acp[B u f]K* + ) is too large, in comparison with the data. If future experiments display 
the current tendencies for these CPAs, such phenomena will become new puzzles. 

Finally, we remark that in the quark-flavor scheme, as the errors in the decay constants 
of f q and f s are only 2% and 4%, respectively, their effects on BRs and CPAs are mild. 
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TABLE IV: Factorizable and nonfactorizable parts for the decays B — > r]g S K^ with m qq = 0.22 
GeV, where the values in the square brackets are for B — * rj qs K* . 



F° 10 2 

Fa 


N% 10 5 

Fa 


P(b+c) 


P(o+c) 


F° 10 2 

Fc 


N% 10 4 

Fc 


-1.10 


6.36 - i2.06 


-0.55 


-0.33 + il.22 


0.26 


-7.17 + i3.39 


[-0.42] 


[3.89 - i2.37] 


[0.45] 


[-0.89 + il.74] 


[0.19] 


[-7.88 + i2.56] 


fLio 3 

Fa 


AlLlO 5 


fR io 3 

Fe 


N2, io 5 


F° 10 2 

Tf 


M,10 3 

Tf 


-0.61 + ^2.43 


-5.77 - i9.62 


-0.44 + ^1.25 


-0.51 - i4.62 


-0.61 


3.61 - il.57 


[-0.19 + ^2.37] 


[-5.05 - i3.36] 


[0.30-«1.86] 


[-5.02 - i9.06] 


[-0.41] 


[4.00 - il.29] 


F+ 10 2 

Fa 


N+ 10 5 

ra 


JO 2 

P(6+c) 


Nt~, JO 4 


F+10 2 

Fc 


A^p 10 4 

Fc 


-1.05 


3.55 - i0.27 


-0.54 


-3.56 + ^1.71 


0.21 


-6.24 + *1.70 


[-0.43] 


[-1.86-«2.61] 


[0.45] 


[-0.89 + il.74] 


[0.188] 


[-7.64 + i3.53] 


F + 10 3 


iV+,10 5 


F+ e 10 3 


7V+10 5 


F^IO 2 


A^IO 3 


-0.63 + i2.20 


-2.86 - i4.46 


-0.50 + il.60 


-1.59 - i2.98 


-0.45 


3.27- i0.90 


[-0.09 + i2.37] 


[-2.21 -i0. 72] 


[0.29-&1.83] 


[-2.83 - 4.07] 


[-0.41] 


[3.85 - il.74] 


F+10 2 


iV+10 3 


F+,10 3 


iV+,10 3 


F+10 3 


iV+10 3 


10.03 


-1.16 + *0.18 


2.38 + i0.02 


0.99 + *1.38 


-1.02 - i0.02 


0.27 + *1.13 


[11.60] 


[-1.55 + i0.06] 


[-2.19 -il. 14] 


[1.09 + »0.70] 


[1.61 + i0.95] 


[0.89 + il.55] 



However, the influence from the mixing angle <\> could be larger. We present the results with 
the error of (f) in Table IVIII 

V. CONCLUSIONS 

Due to the current experimental limits on the mixing parameters of the r\ and rf mesons, 
we have studied the phenomenologically allowed ranges for m ss and m qq . Explicitly, we have 
found that m ss is around 0.69 GeV and m qq = 0.18 ± 0.08 GeV. We have shown that the 
semileptonic decays of B~ — > rj^l&t are sensitive to m qq and thus they can provide strong 
constraints on its value. In addition, our mechanism based on the quark-flavor mixing 
scheme naturally leads to (0) < /+(0) as well as BR(B~ — > r]t~V() > BR(B~ — > rj'£~p£), 
in contrast with the reversed inequalities in the FSM due to the flavor-singlet contribution 
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TABLE V: BR(B -> r/WifMWin units of 10~ 6 ) with m qq = 0.14, 0.18 and 0.22 GeV as well as the 
world average (WA) values [341 ] . 



HH 


B d -> riK° 


B d -> 


5 n -» 


I* / 


0.14 


3.01 


31.44 


5.66 


34.60 


0.18 


0.28 


44.01 


1.26 


47.36 


0.22 


1.43 


62.69 


1.52 


65.04 


WA 


< 1.9 


64.9 ±3.5 


2.2 ±0.3 


69.7+1? 


m qq 


B d -> T/K* 


B d -» T/'iT* 


B u -> 77^*+ 


B u - 7/'^*+ 


0.14 


11.54 


8.21 


11.74 


10.06 


0.18 


15.91 


5.76 


15.94 


8.12 


0.22 


22.31 


3.35 


22.13 


6.38 



WA 16.1 ±1.0 3.8 ±1.2 19.5^! 4.9 



TABLE VI: 


A CP (B -► 7?WifM 


( 


in 


unit of 10 2 ) with m qq 


= 0.14, 0.18 and 0.22 GeV as well as 


the world average (WA) values 


34 


1- 








m qq 






B d -> T/'i^ 


B u - 7/K+ 


- 


0.14 


-2.10 




0.69 


5.62 


-5.28 


0.18 


-2.47 




0.57 


5.88 


-6.19 


0.22 


4.41 




0.48 


-30.64 


-6.88 


WA 








-29 ±11 


3.1 ±2.1 


m qq 


5 d - 7/K* 




B d -> t/K* 


£? u -> 77^* + 


B u -> 


0.14 


0.79 




-0.82 


-15.79 


8.39 


0.18 


0.67 




-0.98 


-20.51 


8.83 


0.22 


0.57 




-1.30 


-24.57 


4.60 


WA 


19 ±5 




-8± 25 


2±6 


3011? 



, |l3(]. Similar conclusions can also be drawn for the decays B d — > r)^£ + £ . It is interest- 
ing to note that the future measurements on BR(B~ — > rj^'>£v{) and BR(B d — > r]^'£ + £~) 
can be used to distinguish the two flavor mechanisms. Moreover, we have shown that 
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TABLE VII: BRs (in units of 1(T 6 ) 


and CPAs (in 


units of 10 2 ) for £? - 


-> TyWifW decays with 


™>qq = 


0.22 GeV and <p = 39.3° ± 1.0° 








Obs. 


B d -> f]K° 


B d -> r/K 


B u -» r/K+ 


5 U -» r?'i4:+ 


BR 

A C p 


1 4Q+0.34 

4 41+0.57 


62.69+2:1° 
48 ± 009 


1 k 2+ +0.16 
-30 64+H2 

DU.U1_2 §7 


65.04^ 
-6 88+° •}? 

u.oo_q 12 


Obs. 




B d - 




b u - 


BR 

A C p 


oo 01 +0.28 
ZZ.Ol_ 29 

0.57 ±0.011 


o orr+0.29 
O.OO_ 27 

-1.30 ±0.08 


90 i q+0.26 
zz.io_q 27 

-24.57±g;g 


6.38 ±0.26 



5^(5 -> r/WX) with X = (r^, are enhanced and in particular, the puzzle of the 

large BR(B — > rj'K) can be solved with a reasonable large value of m qq . We have also 
demonstrated that Acp(B ± — > rjK^) can be as large as —30% and BR(B — > rj^'K*) are 
consistent with the current data. Finally, we remark that our results for Acp(B — > r)K*) 
do not agree with the experimental values. According to our analysis, currently, they 
are the most incomprehensible phenomena. Other mechanisms as well as more precise 
measurements are needed for a complete description of all the above decays. 
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